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m *S3S?i fabricating a dynamic random access memory device 

(57) Atitanium.ayer*isform^^^ 

interlevel dielectric layer 63 to re *» tf"™" £ J^STS «d the interlevel dielectric layer 63 in 
and a titanium nitride layer « fc ^^^2^^V«^ cracks which allow leakage current 
post deposition thermal procedures, which Tne top e , e ctrode 61 may be tungsten, 

between the top electrode and ^.^££^S^m^ or tantalum. The interlevel dielectnc 

tantalum oxide. 




FIG. 3C 



Q 
CO 

ro 

CO 

ro 
o> 

an 



> 



1/3 
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METHOD OF FABRICATING A DYNAMIC RANDOM ACCESS MEMORY 
DEVICE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a method of fabricating a dynamic random access 
ntemory (DRAM) device, and mote patticulariy to a method of fabricating a DRAM 
device for redudng the stress between a top electrode of a DRAM capacitor and an 
inierlevel dielectric layer. 

Description of Related Art 

The main purpose of the capacitor in a DRAM device is to save logical data The 

capacity in a DRAM device must be large enough, so the data access time can be faster. 

When the devce size scales down, the capacity decreases. It is typtcal to us. a high-k 

dielectric material for DRAM capacitors. Ustng tie bigh-k dieleoric can increase the 

capacity in the same thickness of dielectric. 

The semiconductor structure configuration of a high-k dielectric material for a 

conventional DRAM device memory cell unit is shown in the cross-sectional schematic 

view in FIG. 1. A field oxide layer 11, polygate layer 13, source/drain regions 12 and 
word line 14 of a MOS transistor 1 5 are formed over the surface of a silicon substrate 
10. After the formation of the transistor 15, an oxide layer 16 is deposited over the 
surface of the substrate 10. Contact openings 17 are formed at designed locations above 
the source/drain regions 12 by etching. The contact openings 17 are then filled with a 



conductive material, such as tungsten, to form plugs 18. A conductive layer 19, such as 
a heavily doped polysilicon layer, is deposited over the plugs 18 to form a bottom 
electrode of the capacitor. A dielectric layer 20, such as a tantalum oxide (Ta 2 O s ) layer, 
is deposited on the top of the conductive layer 19 and oxide layer 16. A titanium nitride 
5 layer 2 1 is deposited over the dielectric layer 20 to form a top electrode of the capacitor. 
Then, an interlevel dielectric layer 22, such as a borophosphosilicon glass (BPSG) layer, 
is formed over the titanium nitride layer 21 to complete the fabrication of the 
conventional DRAM device. 

The titanium nitride layer 21 is used as the top electrode of the DRAM capacitor, 
:0 while the dielectric layer is a high-k dielectric layer in the above DRAM device. The 
stress between titanium nitride- layer 21 and interlevel dielectric layer 22 of the. DRAM 
capacitor will urease when the temperature is above 600°C. This will cause interlevel 
dielectric layer 22 to crack, thus increasing leakage current during the followmg BPSG 
reflow for planarizatioa 
13 Thus, to reduce the stress between titanium nitride layer 21 and interlevel 

dielectric layer 22 and to decrease the crack and the leakage current, a polysilicon layer 
is formed between the titanium nitride layer 21 and the interlevel dielectric layer 22 to 
overcome the above problems. .Another semiconductor structure configuration of a 
high-k dielectric material for a conventional DRAM device memory cell unit is shown in 
20 the cross-sectional schematic view in FIG. 2. A field oxide layer 31, polygate layer 33, 
source/drain regions 32 and word line 34 of the MOS transistor 35 are formed over the 
surface of a silicon substrate 30. After the formation of the transistor 35, an oxide layer 
36 is deposited over the surface of the substrate 30. Contact openings 37 are formed at 
designed locations above the source/drain regions 32 by etching. The contact openings 
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37 are then filled with a conducive material, such * tungsten, .0 form plugs 38. A 
conducive .aye, 39, such as a heavily doped polysificoo layer, is deposited over the 
plug s 38, and forms a bottom e.ec.r„de of the capacitor. A die.ec.nc .aye, 40, such as a 
.antdum o»de laye, is deposited on the top of the condocuve .aye, 39 and oxide ,ayer 
s 36. A ri.an.um nitnde laye, 4. is deposited ove, the dielectric laye, 40 ,0 form a <op 
encode of fine capacito,. Then, a po,ysi.ico„ laye, 4 2 is deposited ove, the ritaniurn 
mtride laye, 4,. An interieve, dte.ectnc layer 43, such as a borophosphosihcon glass 
,ayer, is formed over the fitamum nitride layer 4, to cmp.ete fine fabricafion of this 

conventional DRAM device. 

The known methods to form a polysilicon layer between the titanium nitnde layer 
aad the mterlevel dielectric layer make the fabrication more complex and expensive, 
though it does reduce crack formation and leakage current. 

SUMMARY OF THE INVENTION 
It is therefore an object of the prese'nt invention to provide a method of 
fabricating a DRAM dev.ce wluch avoids crack formations and leakage current between 
the top electrode and the interlevel dtelectnc layer, by forrrung a titanium layer between 
the top electrode and the interlevel dielectric layer. 

It is another object of the present invention to provide a method of fabricating the 
DRAM device, which reduces the stress and enhances the adhesion between the top 
electrode and the interlevel dielectric layer, by forming a titanium layer between the top 
electrode and the interlevel dielectric layer. 

It is a further object of the present invention to provide a method of fabricating 
the DRAM devace, in winch the titanium layer and titaruum nitride layer are formed in 



the same chamber. litis reduces the complexity of fabncating the DRAM dev.ce and the 



costs. 



The method of fabricating the DRAM device includes: forming a transistor 
including a gate, a source*™ regron and a word line on a siiicon subsume. An o»de 
5 layer is formed covering the transistor. A contact opening is formed in the oxide layer to 
expose the surface of the source/drain region A conducive layer is formed in the 
contnc, opening and covering the ox.de layer The conducive layer is partemed to form 
a plurahty of bottom electrodes. The bottom electrodes are coupled with the 
source/dram re S on by the contact opemng. A dielectric layer is formed over tie surface 
10 of the bottom electrodes and the oxide layer. A top eiecxrode is formed covering the 
hrgh-x dielectric layer. A titanium layer is formed on the top electrode. Then, an 
interlevel dielectric layer is formed on the titanium layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 
!5 Other objects, features, and advantages of the present invention will become 

apparent by way of the Mowing defied description of the preferred but nop-lirmting 
■ embodiment The description is made with reference to the accompaoymg drawings in 
which: 

Figure 1 is a cross-sectional view showmg a conventional memory cell unit for a 
20 DRAM device; 

Figure 2 is a cross-sectional view showing another conventional memory cell unit 
for a DRAM device; and 

Figures 3A-3C show cross-section views of a memory cell unit for a DRAM 
device fabricate* h, accordance - a preferred embodiment of the invention 



DESCRIPTION OF THE PREFERRED EMBODIMENT 
A detailed description of the process of the invention follows with reference to 
Figs. 3A-3C, which show the cross-section of a memory cell unit of a DRAM device 
fabricated in accordance with this invention. Note that these schematic drawings are not 
5 presented to the exact physical dimensional scale, as they serve the major purpose of 
illustrating the process steps of the invention. 

Referring to FIG. 3A. a silicon substrate 50 is provided as the basis for the 
construction of the DRAM device. A field oxide layer 51, polysilicon gate layer 53, 
source/drain regions 52, and word line 54 of the MOS transistor 55 are formed over the 
10 surface of the silicon substrate 50. Then, a chemical vapor deposition procedure, for 
- example, is used to form an ox.de layer 56 on the top of the MOS transistor 55. The 
oxide layer 56 is patterned to form a contact opening 57 over the source/drain regions 
52. A conductive layer 58 is deposited over the oxide layer 56 and the contact opening 
57. The conductive layer 58 is filled in the contact opening 57. The conductive layer 58 
1 5 can be, for example, a heavily doped polysilicon layer, a hemispherical grain polysilicon, 
tungsten, platinum, ruthenium, tungsten nitride, titanium nitride, molybdenum, 
molybdenum nitride or tantalum nitride. 

Referring to FIG. 3B, the conductive layer 58 is patterned to form a plurality of 
bottom electrodes 59 coupled with the source/drain regions 52 by way of the contact 
20 opening 57. A high-k dielectric layer 60, such as a barium strontium titanate, lead zinc 
titanate or tantalum oxide layer, is deposited over the bottom electrodes 59 and the 
exposed oxide layer 56. Then, a top electrode 61 is formed on the surface of the high-k 
dielectric layer 60. The top electrode 61, for example, can be a tungsten, platinum, 



ruthenium, tungsten nitride, titanium nitride, molybdenum, molybdenum nitride or 
tantalum nitride layer. 

Referring to FIG. 3C, a chemical vapor deposition or a physical vapor deposition 
procedure, for example, is utilized to deposit a titanium layer 62 on the top of the top 
5 electrode 61. The titanium layer 62 and the titanium nitnde layer can be formed in the 
same chamber. Thus, the fabricaung cost is reduced. Finally, an interlevel dielectric 
layer 63, such as a borophosphosilicon glass or phosphosilicon glass layer, is formed 
over the titanium layer 62. Since the post fabrication steps are not relevant in the 
context of the invention, they are not elaborated on here. 
0 Resultantly, the stress between the titanium layer 62 and the interlevel dielectric 

layer 63 is smaller, so that to form the titanium layer 62 between the top electrode layer 
61, such as a titanium nitride layer, and the interlevel dielectric layer 63 reduces the 
stress between the top electrode layer 61 and the interlevel dielectric layer 63. In 
addition, a titanium oxide layer and a titanium silicide layer are formed between the 
titanium layer 62 and the interlevel dielectric layer 63 in post thermal procedures. This 
enhances the adhesion and avoids crack formation and leakage current. 

While the invention has been described by way of example and in terms of a 
preferred embodiment, it is to be understood that the invention need not be limited to the 
disclosed embodiment. On the contrary, it is intended to cover various modifications and 
similar arrangements included within the spirit and scope of the appended claims, the 
scope of which should be accorded the broadest interpretation so as to encompass all 
such modifications and similar structures. 



WHAT IS CLAIMED IS: 

! . A method of fabricating a DRAM device, comprising: 

substrate; 

s covering the transistor with an oxide layer; 

tons a comae, opening in ft. o»ce layer ,0 expo, a .rface of A. source/dra* 

region; 

formmg a conductive layer in the contact opening and covering the oxide layer; 
pattenung the conductive layer to form at least one bottom electrode wfcch is coupled 
10 with the source/drain region by way of the contact opening; 

covering the dielectric layer with a top electrode; 
forming a titanium layer on the top electrode; and 
forming an interlevel dielectric layer on the titanium layer. 

2 . The method according to clahn 1. where* said covering the transistor includes 
forming the oxide layer using chemical vapor deposition. 

3. The method according to claim 1, wherein said forming a conductive layer includes 
20 formmg the conductive layer from a material selected from the group consisting of a heavily 

doped polysilicon, a henusphencai grain polygon, tungsten, platinum, Senium, tungsten 
nitride, titanium nitride, molybdenum, molybdenum nitride and tantalum nitride layer. 



4. The method according t0 daim ,, whtrein said ^ a ^ 
forming a high-k dielectric layer. 

5. The method according , 0 claim 4, wheretn .he high-k dielectric layer is selected 
5 from the group consisting of barium strontium titanate. lead zinc titanate and tantalum oxide. 

6- The method according to claim ,. wherein said covering the dtelectric layer includes 
fotmmg the top electrode from a materia, seleaed from the group consisting of tungsten, 
platinum, ruthenium, orogsten nitride, titanium nioride, molybdenum, molybdenum mtnde and 
10 tantalum nitride. 



7. The method according to claim 1, wherein said forming an capacitor electrode and 
titanium layer includes using chemical vapor deposition. 

8. The method according to chum 1, wherein said forming an capacitor electrodes and 
titan,um layer includes using physzcal vapor deposkion. 

9. The method according to claim 1, wherein said forming an mterlevel dielectric layer 
includes forming an interlevel dielectric borophosphosilicon glass layer. 

10. The method according to clam, 1, wherem sad formmg an interleve, dielectric 
layer includes forming an interlevel dielectric phosphosilicon glass layer. 



U. The method according to claim 1, wherein said patterning includes forming a 
plur ality of bottom electrodes, each being coupled to a respective source/drain region. 

12. A method of fabricating a DRAM device, comprising: 

formmg a dielectric layer over a surface of a bottom electrode and an oxide layer; - 
covering the dielectric layer with a top electrode; 
forming a titanium layer on the top electrode; and 
forming an interlevel dielectric layer on the titanium layer. 

13. A method of fabricating a DRAM device, substantially 
as hereinbefore described with reference to and/or as 
illustrated in any one of or any combination of Figures 3A- 
C of the accompanying drawings. 
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Amendments to the claims have been filed as follows 
CLAIMS 

1 • A method of fabricating a DRAM device, comprising: 

forming a transistor including a gate, a source/drain region and a word line on a 
silicon substrate: 

covering the transistor with an oxide layer; 

forming a contact opening in the oxide layer to expose a surface of the source/drain 

region; 

forming a conductive layer in the contact opening and covering the oxide layer; 
patterning the conductive layer to form at least one bottom electrode which is 
coupled with the source/drain region by way of the contact opening; 

forming a dielectric layer over a surface of the or each bottom electrode and the 
oxide layer; 

covering the dielectric layer with a titanium nitride layer to form a top electrode; 
forming a titanium layer on the top electrode; and 
forming an interlevel dielectric layer. 

2. The method according to claim 1, wherein said covering the transistor includes 
forming the oxide layer using chemical vapour deposition. 

3. The method according to claim 1, wherein said forming a conductive layer includes 
forming the conductive layer from a material selected from the group consisting of a 
heavily doped polysilicon, a hemispherical grain polysilicon, tungsten, platinum, 
ruthenium, tungsten nitride, titanium nitride, molybdenum nitride and a tantalum nitride 
layer. 



II 



4. Th e met hodaccord i „g.oc 1 a ta .,wh= re i„ S a i dfor m i»gadie.ec.nc.a«r i nc. U d e s 
forming a Mgh-k dielectric layer. 

5 . The medtod according ,0 Cairo 4, wherein ft. high-k die.ec.ric .aver is se.ecred 
from the group consisting of barium strontium titanate and tantalum oxide. 

6 . The method according to Cairn ., wherein said forming a top electrode and 
titanium layer includes using chemical vapour deposition. 

7 . The method according to claim 1, wherein said forming a top electrode and 
titanium layer includes using physical vapour deposition. 

, T.emethodaccordingtocl^l.wtereinsaidformingan 
includes forming an interlevel dielectric borophosphosilicon glass layer. 

,. Themeftodaccordingtoclaiml.whereinsaidfonningan interlevCdie.ec.ric.ayer 
includes forming an interlevel dielectric phosphosilicon glass layer. 



10. The 



method according to claim 1, wherein said patterning includes forming a 
plurality of bottom erodes, each being coupled .o a respective source/drain region 
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II. A method of fabricating a DRAM device, comprising: 

covering me dieiectric layer with a ntamum nitride layer so as to form a top 
electrode; 

forming a titanium layer on the top electrode: 

forming an interlevel dielectric layer on the titanium layer; and 

performing a reflow pr0C ess to planarise the interlevel dielectric layer. 

12. Themethodofclaim .1, wherein said forming an interlevel dielectric layer includes 
forming an interlevel dielectric borophosphosilicon glass layer. 

13- Tnemethodofclaim II, wherein said forming an interlevel dielectric layer includes 
forming an interlevel dielectric phosphosilicon glass layer. 

14. A -^offabri^^ 

-•th reference toand/or as illustrated in any one or combination offices 3 A to C of the 
accompanying drawings. 
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